The treatment of winery wastewater can realised using several biological processes based both on aerobic or anaerobic systems using suspended biomass or biofilms. Several systems are currently offered by technology providers and current research envisages the availability of new promising technologies for winery wastewater treatment. The present paper intends to present a brief state of the art of the existing status and advances in biological treatment of winery wastewater in the last decade, considering both lab, pilot and full-scale studies. Advantages, drawbacks, applied organic loads, removal efficiency and emerging aspects of the main biological treatments were considered and compared. Nevertheless in most treatments the COD removal efficiency was around 90-95% (remaining COD is due to the un-biodegradable soluble fraction), the applied organic loads are very different depending on the applied technology, varying for an order of magnitude. Applied organic loads are higher in biofilm systems than in suspended biomass while anaerobic biofilm processes have the smaller footprint but in general a higher level of complexity.
INTRODUCTION
The production of wastewater from a winery ranges from 0.7 (our data) to 1.2 times the production of wine (Vlyssides et al. 2005) . Winery wastewater is produced by processing operations and cleaning practices in wineries, such as washing operations during crushing and pressing of grapes, rinsing of fermentation tanks, barrel washing, bottling, etc… (Musee et al. 2006) . The rapid expansion of wineries in rural areas during the last decades and the more stringent effluent criteria have resulted in an increased interest in winery wastewater treatment.
The treatment of winery wastewater can become difficult as a consequence of some peculiar aspects:
(1) large seasonal fluctuations in volume and composition,
(2) high variability of organic loads, which typically assume concentrations of 1,000 -20,000 mgCOD/L, depending on the harvest load and processing activities (Andreottola et al. 2005) . The high concentration of ethanol and, on a (vi) ability to meet discharge requirements for winery effluents (inter alia Aybar et al. 2007) . Small producers with relatively modest financial capacity are interested in simple treatment systems with low maintenance and low manpower requirement. doi: 10.2166/wst.2009.551 The present paper intends to present a brief state of the art of the existing status and the advances in biological treatment of winery wastewater in the last decade, considering either lab, pilot and full-scale studies. Advantages, drawbacks and emerging aspects in this field were considered.
HOW MUCH IS WINERY WASTEWATER BIODEGRADABLE?
The fractionation of total COD in raw winery wastewater has been evaluated by Andreottola et al. (2005) Results of COD fractionation for some winery wastewaters are indicated in Table 1 , referred to grape harvesting period.
Readily Biodegradable COD (S S ) is the most part of total COD, being 71.4 and 85% for Andreottola et al. (2005) and Beck et al. (2005) respectively. The high percentage of this fraction is due to the prevalent presence of ethanol and, to a smaller extent, sugars and organic acids; in fact ethanol is the largest part of the soluble COD (80%) as referred to by many authors (inter alia Bories et al. 2005) .
The concentration of slowly biodegradable COD (X S ) is low, ranging from 2.9% to 9.4% of total COD. Un-biodegradable soluble fraction of COD (S I ) resulted quite different in the two cited experiences, being probably affected by the different approaches used for the quantification of COD fractionation by the Authors. However this fraction plays a very important role, because it is discharged in the effluent without any change, being also not settleable.
Therefore further efforts are required in the future for the quantification of the S I fraction in more sources of winery wastewater in order to predict S I concentration in the effluent and the capability to respect discharge limits for COD concentration.
Moreover, COD fractionation plays an important role in modelling of treatment processes (especially readily biodegradable, readily hydrolysable, slowly hydrolysable fractions) as observed by Stricker & Racault (2005) during the application of ASM1 to the activated sludge treatment of winery wastewater.
HOW IS BIOLOGICAL TREATMENT ACHIEVED?
A common alternative chosen by many wineries is the co-treatment of municipal and winery wastewater in conventional activated sludge processes; that is generally a feasible solution for the treatment of these streams at relatively low costs (Brucculeri et al. 2005; Bolzonella et al. 2007) . Sometimes this practice is associated with occasional bulking phenomena, decrease of sludge settleability and increase in SST concentration in the treated effluent, especially during the grape harvest period (lasting few weeks), due to the rapid increase of applied organic loads and a temporary plant overloading. In the full-scale experience referred to by Brucculeri et al. (2005) the pre-denitrification configuration was modified during the harvesting period, using the pre-denitrification reactor as a high loaded oxidation unit in order to maintain a high efficiency in COD removal. The addition of winery wastewaters to enhance the nutrient removal process in activated sludge of municipal WWTPs or SBRs was studied by Rodríguez et al. (2007) : a denitrification rate similar to the one of domestic wastewater was found, with a COD/N ratio of 7.7. The improvement in N removal at low cost and the advantage of reducing the amount of winery wastewater to be treated in-situ, make interesting its use as carbon source in conventional WWTPs (Rodríguez et al. 2007 ).
Among the alternatives for treating winery wastewater in a dedicated plant, several biological systems have been proposed, including:
(i) aerobic/anoxic processes using suspended biomass: activated sludge, membrane bioreactors (MBR), sequencing batch reactors (SBR); (v) constructed wetlands.
In Table 2 the main aspects of the technologies applied for winery wastewater treatment are briefly highlighted.
A widely applied solution for treating effluents originated from small wineries-less than 10-15,000 hL of With regards to biofilm systems proposed for winery wastewater, rotating biological contactors could be an effective primary treatment system to lower the COD to more acceptable levels for a subsequent treatment by constructed wetlands or other biological processes (Malandra et al. 2003) . Recently, a lot of interest has been devoted to more effective high-rate biofilm systems (FBBR, MBBR, SBBR, UASB), instead of using freely suspended microorganisms.
At high organic loading rates, anaerobic treatment is the most attractive primary treatment due to the over 80% BOD removal, combined with energy recovery in the form of biogas. In this case, biomethanation is the primary treatment step, often followed by an aerobic post-treatment before discharge. Effluent COD concentrations below 300 mg/L or in accordance with discharge regulations can be obtained (Moletta 2005) . The digesters are generally heated to reach the mesophilic range using the produced biogas. Alternatives for achieving anaerobic digestion are well reviewed by Moletta (2005) .
Anaerobic systems have various potential benefits, including low excess sludge production and avoiding odour problems. Furthermore, high rate anaerobic digesters based on granules or biofilm supports also have a high treatment capacity and hence low site area requirements.
On the other hand, anaerobic ponds have been progressively replaced, because large area requirement and odour problems restrict its applications. However, this latter aspect has been recently overcome using nitrate as electron acceptor for the curative treatment of odours in evaporation ponds (Bories et al. 2005 (Bories et al. , 2007 . Moreover, anaerobic treatment typically requires at least 15 days of start-up period after a shut down (Moletta 2005) .
HOW IS THE PERFORMANCE OF BIOLOGICAL TREATMENT?
In Table 3 various 
WHAT ABOUT MANAGEMENT?
Temporary buffer storage A temporary buffer storage unit installed at the start of the flow-line is generally an imperative requirement in 
pH control
Control of the pH of the inlet wastewater is generally needed: a dosage of caustic soda or acid to the wastewater flow is needed to maintain a pH of the raw wastewater in an optimal range.
Nutrients
Nutrients are generally required for the aerobic biological treatment of winery wastewater due to the fact that 
CONCLUSIONS
Based on this overview of biological processes for winery wastewater treatment, the following conclusions can be drawn:
(1) the high biodegradability (due to the high concentration of ethanol or sugars) in winery wastewater justifies often the choice of a biological treatment;
(2) in most treatments the removal efficiency of total COD was around 90-95%; the remaining COD concentration is due to the un-biodegradable soluble fraction of COD (ranging approximately around 5-10% of total COD), that cannot be removed by biological process or settling;
(3) nevertheless the COD removal efficiency can reach in most case 80 -90%, the applied organic loads are very different depending on the applied technology, varying for an order of magnitude.
(4) the applied organic loads are higher in biofilm systems than in suspended biomass while anaerobic biofilm processes have the smaller footprint.
(5) the systems having the small footprint (higher applied load) have in general a higher level of complexity.
Because environmental issues are really a critical factor in industry competitiveness, the following possible actions will become more and more relevant towards an ecoefficient strategy in the winery industries: (i) choice of technologies with adequate extent of experience at different scale levels and especially at full-scale and at long-term; (ii) optimization of wastewater treatment processes in order to reduce impacts, save energy and reduce excess sludge production, (ii) reuse of treated effluents.
